Excessive accumulation of fat in women of childbearing age is a concern, since obesity is an important cause of morbidity and mortality. Deposition of fat during pregnancy, which is not metabolized during lactation, may contribute. However, the individual effects of age and gravidity on fat accumulation have not been disentangled. Based on multiple linear regression analysis of anthropometric data from 1113 pregnant women from Zimbabwe, we found evidence to suggest that fat deposition is an effect of age rather than gravidity that is precipitated by the first pregnancy.
Understanding the role of pregnancy in the etiology of obesity is important, since obesity is an important cause of morbidity and mortality from chronic disease. 1 Despite colinearity of age and gravidity, it is generally assumed that fat accumulates with age due to fat retention after pregnancies. We attempted to disentangle the effects of age and gravidity based on anthropometric data from HIV-uninfected women registering for antenatal care in Harare, Zimbabwe. Permission was obtained from Medical Research Council, Zimbabwe. The study population has previously been described. 2, 3 Anthropometric measurements were taken with the women barefoot and wearing light clothing. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Triceps skinfold thickness (TSF) was measured to the nearest 0.1 mm in the midline of the posterior aspect of the left mid-upper arm. At the same level, the arm circumference (AC) was measured to the nearest 0.1 cm without compressing the tissue. Body mass index (BMI), arm muscle area (AMA) and arm fat area (AFA) were calculated, using the formulae: BMI ¼ weight=height 2 
2 ), as previously described. 4 ANOVA was used to compare means between groups. Multiple linear regression analysis was used to test for interactions between age and gravidity, and to estimate the statistical effects of age and gravidity on body weight, AFA and AMA, while controlling for height and gestational age. When interactions were identified, then interaction terms were computed to estimate the effect of age for each level of gravidity.
Of 1669 women examined, 1113 were found to be HIVuninfected. The mean gestational age was 29.2 (22 -35) weeks. The mean age was 24 (range 14 -45) y: 46.5% were primigravidae (mean age 20.4 (range 14 -40) y), 23.8% secundigravidae (23.6 (16 -35) y), 14.6% tertiogravidae (26.9 (20 -40) y), and 15.2% multigravidae (4 þ 32.2 (20 -45) y). Compared to data from a study among pregnant US women, 5 the mean AMA was similar (38 vs 38 cm 2 ), whereas the mean AFA was lower (21 vs 27 cm 2 ). Anthropometric variables were compared over categories of gestational age, age and gravidity (Table 1 ). AFA declined with gestational age. All anthropometric variables, except height, increased with age and gravidity.
In multiple linear regression analysis, interactions between age category and gravidity were found on weight (P ¼ 0.0003), BMI (P ¼ 0.0003), AC (P ¼ 0.002), TSF (P ¼ 0.00006) and AFA (P ¼ 0.00002), but not AMA (P ¼ 0.44). The effects of age were therefore estimated separately for each gravidity category. Interestingly, the interactions were due to statistical effects of age in secundi-to multigravidae, but not among primigravidae. For example, the regression coefficient for age in gravida 2 (Table 2) corresponds to a 0.33 kg higher weight for each year increase in age. Because of the interactions, the difference in mean body weight and AFA between primi-and multigravidae increased with increasing age. In contrast, age and gravidity had independent effects on lean body mass.
Although more accurate methods to determine body composition exist, 6 simple anthropometric measurements of AC and TSF are cheap, reliable and feasible in field studies.
As the time of previous pregnancies was unknown the models are obviously simplistic. Nonetheless, they suggest that fat deposition is an effect of age precipitated by the first pregnancy, rather than gravidity per se. In our study, AFA declined with increasing gestational age, which may be due to fat redistribution rather than loss. However, it seems reasonable to assume that, in our study population, fat deposited during previous pregnancies was metabolized during the long period of lactation. Furthermore, the fact that the effects of age and gravidity on AFA were accompanied by similar effects on body weight, 
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supports the validity of AFA as a proxy of body fat mass. Thus, we think the interactions are due to accumulation of fat with increasing age precipitated by the first pregnancy. Such interactions could be behavioral or biological. Behavioral change after the first pregnancy leading to increased energy intake or reduced energy expenditure seems unlikely given the socio-economic setting, but cannot be excluded. Another alternative explanation could be that women with low body fat mass have reduced fertility and time to first pregnancy. However, low body fat mass would also prolong the birth intervals 7 and, hence, would not give rise to the observed interaction. Besides, high body fat mass is also associated with infertility. 8 Therefore, we consider a change in fat metabolism during the first pregnancy to be a more likely explanation. Indeed, the first pregnancy is unique. For example, first pregnancies are associated with greater weight gain and longer duration, yet result in smaller babies than subsequent pregnancies. 9, 10 That the interaction is biological rather than behavioral is further supported by a recent study showing that changes in skinfold thickness during pregnancy were different in primiparous compared with multiparous women.
11
A biologically plausible mechanism is a down-regulation in leptin expression or sensitivity after the first pregnancy. Leptin is an adipocyte-secreted protein involved in regulation of energy intake and expenditure, and in modulating maternal and fetal substrate availability. Serum leptin increases during pregnancy and declines postpartum, and influences pregnancy weight gain and postpartum weight retention. 12, 13 If leptin expression or sensitivity proves to decline to a lower set point after the first pregnancy, this would explain our findings since the resulting higher energy intake and lower energy expenditure would lead to fat accumulation. In fact, the finding that serum leptin is lower in multi-compared with primigravidae around week 17 12 supports our hypothesis. However, data on serum leptin before and after the first pregnancy, or in nulli-compared with primi-and multipara, are needed to confirm it.
Fat accumulation with increasing age after the first pregnancy may be a reproductive advantage. Despite lower survival of smaller infants, 14 it may be advantageous for a mother to have a small baby during the first delivery when the reproductive tract is narrower. Then, since it has been shown that maternal body fat mass is associated with higher birth weight, 5, 15 and is so in our study (unpublished data), fat deposition after the first pregnancy could lead to larger infants during later deliveries, where the improved infant survival is not negated by an increased risk to the mother.
In populations with higher energy intake during pregnancy and earlier cessation of lactation, fat deposition proportional to the number of previous pregnancies may be superimposed. The current recommendation of avoiding excessive pregnancy weight gain is therefore important. 1 However, our data suggest that measures to avoid weight gain between pregnancies should not be neglected.
